Background: The respiratory system is the most vulnerable system in the cement industry. This study was conducted to determine the effects of occupational exposure to cement dust on the respiratory system more thoroughly. Material and Methods: In this cross sectional study an interviewer-administered questionnaire on socio-demographic characteristics and respiratory symptoms was completed and pulmonary function tests were carried out on 100 exposed and 120 non-exposed workers at the cement factory in Mashhad, Iran. The data was statistically analyzed by SPSS 16. Results: The mean of age and work duration in the exposed group was 37.5±6.3 and 10.7±5.4 years compared with the non-exposed group that was 36.1±7.1 and 10.1±5.7 years, respectively. Levels of exposure to inhalable cement dust in the exposed group were 23.13 mg/m 3 (higher than national occupational exposure limits for such particles). Among the exposed group, respiratory symptoms as cough (6% vs. 0.8% of the non-exposed) and sputum (7% vs. 0.8% of the nonexposed) were significantly more prevalent (p < 0.05). Forced expiratory flow 25-75% (FEF 25-75% ) was significantly lower in the exposed workers compared with non-exposed ones (p < 0.05). Also forced expiratory volume in 1 s / forced vital capacity (FEV 1 /FVC) and FEF 25-75% had a reverse correlation with the length of employment (p = 0.000 and p = 0.003, respectively). Conclusions: The findings of this study showed that occupational exposure to cement dust could be a significant factor of respiratory system dysfunction. Strict implementation of a respiratory protection program is recommended in cement industries. Med Pr 2015;66(4):471-477
a full-time (8 h/day) shift. Their findings suggest that occupational exposure to Portland cement dust may lead to higher prevalence of respiratory symptoms and the reduction of ventilatory capacity due to existence of quartz in the raw material of cement dusts. Also measuring pulmonary functions of workers exposed to dust and the unexposed group showed a significant decrease in vital capacity, forced vital capacity, FEF 25-75% and FEV 1 [6] .
In contrast, some studies have found no difference in most respiratory symptoms or spirometric indices between exposed workers and controls [1, [9] [10] [11] . Meanwhile in a longitudinal study, Zeleke et al. [1] followed 100 randomly selected cement dust exposed workers and 27 unexposed workers of 2 cement factories in Ethiopia. Two hundred and sixty-two personal measurements of total dust among 105 randomly selected workers were performed in total. The workers were interviewed and examined for respiratory symptoms and signs first in 2009 and then in 2010. The cement factory workers, when compared to controls, had a higher prevalence of chronic respiratory symptoms. But no significant differences in lung function were found between production workers and controls [1] .
Fell et al. [9] evaluated 119 workers from the largest cement plant in Norway and 50 workers from a nearby control plant. The participants were asked about the history of respiratory symptoms and spirometry was performed for each individual. The prevalence of symptoms and mean pulmonary function indices were similar for the exposed workers and controls. There was no dose-response-related increase in symptoms or a decrease in lung function indices. These findings did not support the hypothesis that cement dust exposure had a negative impact on lung function or increases respiratory symptoms [9] .
This study was, therefore, undertaken to more thoroughly examine the effects of occupational exposure to cement dust on the respiratory system by using a matched control group of larger size than similar designed studies [3, 7, 9] and excluding the workers with history of chronic respiratory disease based on their pre-employment and periodic examinations.
MATERIAL AND METHODS
This cross-sectional study was conducted in a cement factory in Mashhad, Iran. The factory with about 1000 workers produces more than 2 million tons of cement and 200 milion tons of lime annually. The baseline data for the present study was collected
INTRODUCTION
Cement is one of the most important building materials in the world [1] . More than 250 000 people work in concrete manufacturing [2] . The volume of cement production in Iran is high (60 million tons per year). About 27 000 workers are working in cement production factories in Iran [3] . Cement mill workers are exposed to dust during various manufacturing and production processes, such as quarrying and handling of raw materials, during grinding the clinker, blending, packing and shipping of the finished products [4] .
Cement is a mixture of Calcium oxide (CaO) (62-66%), Silicon oxide (SiO 2 ) (19-22%), Aluminum tri-oxi-de (Al 2 O 3 ) (4-8%), Ferric oxide (Fe 2 O 3 ) (2-5%), Magnesium oxide (MgO) (1-2%) and also Selenium, Thallium and other impurities. The aerodynamic diameter of cement particles range from 0.05 to 5.0 μm. These particles are respirable in size, hence Portland cement is important as a potential cause of occupational lung disease [4] .
A high prevalence of respiratory symptoms and varying degrees of airway obstruction in relation to Portland cement exposure have been reported in many studies [5] [6] [7] [8] . Al-Neaimi et al. [5] conducted a study among the workers of the cement factory in the United Arab Emirate, as the exposed group (N = 67) and the workers occupationally unexposed to dusts, fumes and gases (N = 134). Socio-demographic characteristic, smoking profile and respiratory symptoms were asked as a questionnaire pulmonary function was assessed and pulmonary function impairment was calculated for the exposed and the unexposed workers. A higher percentage of the exposed workers reported recurrent and prolonged cough, phlegm, wheeze, dyspnea, bronchitis, sinusitis, shortness of breath and bronchial asthma. Ventilatory capacity (VC), forced vital capacity (FVC), forced expiratory volume in 1 s (FEV 1 ), FEV 1 /VC, FEV 1 /FVC and peak expiratory flow (PEF) was significantly lower in the exposed workers compared with the unexposed workers. These differences cannot be explained by age, body mass index (BMI) or pack-years smoked.
Ventilatory function impairment, as measured by FEV 1 /FVC, showed that 36% of the exposed workers had some ventilatory function impairment compared with 10% of those unexposed [5] . Mirzaee et al. found such results in a cross-sectional in Iran in 2001. In this study, a total of 170 exposed and 170 unexposed employees were selected. Air transmitted personal respirable dust and total dust samples were collected in between January and April 2013, and comprised total dust measurement, spirometry and a questionnaire on respiratory symptoms.
Lists of all workers at factory were used to randomly select workers for interview. The inclusion criteria were current and at least 2 years of exposure to cement dust as the exposed group and workers of the same factory without current and past exposure as the the un-exposed group. Workers were excluded if they had a history of chronic lung disease. The study was conducted in accordance with Helsinki Declaration revised in 1989. No participants refused to enter the study and the Regional Committee for Medical Research Ethics of Mashhad University of Medical Sciences approved the study.
Subjects were interviewed and "The respiratory questionnaire of the national program of silicosis control" (confirmed by the health ministry of Iran) [12] was completed, which included demographic information, job history, smoking habits, respiratory signsas well as symptoms and history of tuberculosis. Physical examination was done by a general physician. The BMI was calculated as a ratio of weight in kilograms given on height in meters squared.
A digital spirometer (Spirolab III made by MIR company, Italy) was used to measure the ventilatory function of the workers, including FVC, FEV 1 , and FEV 1 /FVC and FEF 25-75% according to the American Thoracic Society (ATS) recommendations [13] . The procedures for the pulmonary function test were explained individually to the workers and the tests were performed by a trained, skilled technician after calibration. Additionally airborne inhalable dust was collected on cellulose acetate filter with pore size of 5 µm placed in a 37 mm cyclone connected to a Scientific Kit Corporation (SKC) sampling pump with flow rate of 3 l/min.
Data was analyzed with Statistical Package for Social Sciences (SPSS) version 16. Data was described as frequency distribution for qualitative data and cross tab for quantitative data. Chi square (Chi 2 ) test was used for categorical variables and independent sample T-test and analysis of variance (ANOVA) for continuous variables when comparing the means in two groups. The probability value of 0.05 and less was used as the criterion for statistical significance.
RESULTS
A total of 100 workers from the cement factory and 120 workers with no occupational exposure to dusts, fumes or gases were interviewed, examined and underwent Pulmonary Function Test (PFT). All of the participants were male. Table 1 shows demographic characteristics of the exposed and unexposed groups. As shown in the table, there was no clinically or statistically significant difference between exposed and unexposed groups.
The geometric mean of the inhalable dust exposure among the exposed group was 23.13 mg/m 3 , which exceed the Threshold Limit Value (TLV) of 10 mg/m 3 for inhalable particles [14] . All of the exposed workers use respiratory personal protective devices. There was no worker with weight and appetite loss, fever, and sweating. Dyspnea, chest pain, cough and sputum were more common among the exposed workers. Abnormal breath sounds (wheezing and crackle) were detected in only 1 person in each group. Coughing and sputum was significantly more prevalent (Table 2) . Abbrevaitions as in Table 3 / Skróty jak w tabeli 3. * Correlation is significant at the 0.01 level (2-tailed) / Korelacja jest istotna na poziomie 0,01 (2-stronny).
cement factories workers were 7.6 times more than civil servants when adjusted for major confounders [22] . Kakooei et al. found no statistically significant association between cement dust exposure and respiratory symptoms in a smaller size sample [3] . Fell et al. studied 119 cement workers and 50 controls in Norway and also did not find an association between health outcomes (increased respiratory symptoms and decreased pulmonary function) and cement dust [9] . These different results could be explained by the difference of various races, exposure to dusts, duration of employment, genetic variations, accuracy of completing the questionnaire and use of personal protective equipments.
Kurniawidjaja conducted a study aimed to explore factors affecting the progression of silicosis other than exposure. He concluded that the genetic variation on TNF-α gene locus -308 was a risk factor of silicosis in Indonesia cement factory [23] . Tungu et al. [24] assessed the prevalence of respiratory symptoms among the 134 exposed workers after 1 year of follow-up following an intervention campaign to improve use of personal protective equipment. They noticed that the prevalence of pulmonary symptoms significantly decreased in the intervention group compared to the previous year [24] .
The lung function parameters FVC, FEV 1 and FEV 1% are lower in value among exposed workers compared with unexposed workers, but this reduction is not statistically significant. This is consistent with the finding of Rasmussen et al. [25] who did not find significant differences in lung function between cement factory workers (N = 301) and other blue collar workers (N = 649). Fell et al. [9] found that the mean pulmonary function indices were similar for cement mill workers and the control group (selected p from an ammonia producing industry). In contrast, Kakooei et al. [3] and Neghab et al. [5] and Al-Neaimi et al. [7] observed significantly reduced lung parameters among the exposed group maybe because of the difference in the length of employments (10 years in mean for our study compared to 14.8, 18.8 and 15.88 years due to the mentioned studies).
This assumption could be supported by the results of Olerue's [26] and Meo's et al. [27] study. Olerue conducted a case-control study and reported that the lung function parameters FVC and FEV 1 were decreased with the duration of employment in cement industry [27] . Meo and his colleagues compared some spirometric indices in 50 non-smoking cement mill workers with 50 non-smoking un-exposed subjects. Table 3 shows spirometric indices among two groups. As noted, all the measured lung volumes (FVC, FEV 1 , FEV 1 /FVC, FEF 25-75% ) have higher values in the unexposed group. However, only FEF 25-75% is significantly lower for the exposed workers compared with the unexposed workers (p = 0.04).
Pearson's correlation analysis showed that FEV 1 / FVC had a reverse relationship with age (p = 0.000). Also FEV 1 /FVC and FEF 25-75% have such correlation with the length of employment (p = 0.000 and 0.003, respectively) ( Table 4) .
DISCUSSION
In our study, there were no significant differences in the major confounding variables of demographic, cigarette smoking and length of work between the exposed and unexposed subjects. The levels of inhalable cement dust observed in the current study are higher than the ones observed in developed countries such as the United States [15] . The inhalable dust exposure among the production workers in our present study is higher than American Conference of Governmental Industrial Hygienists Threshold Limit Values (ACGIH TLV), similar to the dust levels for cement production workers in Malaysia, Tanzania, the United Arab Emirates, Saudi Arabia and some other regions of Iran [1, 3, 6, [16] [17] [18] [19] [20] .
The prevalence of the respiratory symptoms in the 2 groups of our study was lower than the prevalence reported by similar studies [3, 6, 7] . Such a difference may be due to the questionnaires used in different studies or to the accuracy of completing the questionnaires. Most of the studies applied the American Thoracic Society's Questionnaire on Respiratory Symptoms with minor modifications. We used "The respiratory questionnaire of the national program of silicosis control" confirmed by the health ministry of Iran because of its reliability and validity in Persian language.
Respiratory symptoms were higher than in the control group, significantly more prevalent for cough and sputum (p = 0.049 and 0.025, respectively). These findings are similar to other reports [7, 11, 16] , and in contrast with some others [11, 21] . Mwaiselage et al. found such association in a cross-sectional study among 120 exposed and 107 unexposed workers at a Tanzanian cement factory [8] . Siyoum et al. [22] designed a study to determine prevalence of respiratory symptoms and associated factors among Cement Factories Workers and compared it with the control group in Ethiopia. The odds of developing respiratory symptoms among Based on the duration of exposure, cement mill workers were divided into 3 groups, less than 5, 5-10 and greater than 10 years. Their results showed a significant decrease in FVC and FEV 1 with increased duration of occupational exposure to cement dust, clearly for more than 10 years of exposure [28] . Also in our study, FEV 1 /FVC and FEF 25-75% had a reverse relationship with the length of employment.
Neghab et al. [7] reported a significant reduction of lung volumes in the exposed group compared with the unexposed. The mean of inhalable dust concentration in the exposed group in their study was 53.4±42.6 mg/m 3 vs. 23.13 mg/m 3 in our study. Furthermore, the workers of the exposed group in our study use personal protective equipment and are under strict supervision. This factor was not mentioned in their article. Another possible reason for this difference is the selection protocol of the control group. Our control group was chosen from assumed un-exposed workers of the same industry because of the similarities in working conditions. The controls work in the same geographic area. We cannot be sure that there is no exposure among the control workers, while they carried out personal dust monitoring for respirable dusts and reported 0.00 mg/m 3 dust exposure among the control group.
Also our results may have been influenced by some other limitations. Individuals susceptible to adverse respiratory effects from cement dust may have changed their task and therefore dropped out of the exposed group. Finally, lung function tests were performed during the working day that could cause a cross-shift effect of the cement dust in some workers. Yet, we believe that the validity of our findings is strengthened by the elimination of the effect of confounding variables, accessing to workers' pre-employment examinations to make assure they did not have previous respiratory diseases and the carefully chosen controls.
We found significant decrease in FEF 25-75% among workers in the exposure to cement dust in line with some other studies in agreement with similar studies with different sample sizes [3, 7] . Although there are no recommendations regarding the utility of the percent predicted forced expiratory flow between 25% and 75% of vital capacity (FEF 25-75% ) by the American Thoracic Society (ATS) [28] , some studies shows that silica dust exposure can cause widespread fibrotic lesions in small airways, affecting mostly the walls of membranous and respiratory bronchioles and to a lesser degree alveolar ducts [29] . On the other side, this finding could be related to the other exposures other than cement dust in the exposed group. A more detailed respiratory hazard assessment in the cement factory is proposed as a future study.
CONCLUSIONS
In conclusion, the present study has demonstrated that the respiratory symptoms are associated with cement dust exposure. Our findings support the association between the duration of exposure to cement dust and the spirometry indices FEV 1 /FVC and FEF 25-75% . Strict implementation of the Respiratory Protection Program is recommended in cement industries.
